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Abstract: The genes coding for methyltransferase during the maturation of phycobilisomes in Synechococcus sp. strain PCC 7002 and
Synechocystis sp. strain PCC 6803 were indentified and named CpcM. Using bioinformatics methods, it was found that a probable
methyltransferase gene denoted all0012, because of its highly similarity, is likely to be the molecule that edits and modifies the β-subunit
in Anabaena sp. strain PCC 7120. The present study was intended to analyze the probable functions of gene all0012. After bioinformatic
analyses, we constructed an appropriate heterologous all0012 expression carrier and the characteristics of expression were evaluated
by SDS-PAGE. Afterwards, a deletion mutant was characterized via a shuttle vector by means of triparental transformation. Intact
phycobilisomes were separately isolated from null mutant and wild-type strains and their absorption spectra were compared. To further
analyze possible functions of all0012, null alleles of cyanobacteria were cultured in the same specific conditions as the wild type under
various intensities of light. The absorbance properties of the null mutant were very similar to those of the wild-type. Meanwhile, a
dramatic photosensitization difference was observed under high-level illumination, which is similar to the phenotype of methylationdeficient strains observed in previous research. This study suggests that the gene may play an important role in the methylation of the
β-subunit of phycobiliprotein.
Key words: Cyanobacteria, methyltransferase, triparental conjugation

1. Introduction
Anabaena sp. strain PCC 7120, as a filamentous
cyanobacterium, has the capacity for fixation of dinitrogen
in an oxygen-containing environment. Massive growth of
this nitrogen-fixing species often causes water blooms. It
may be accompanied by the synthesis of toxins that are
hazardous to humans and other organisms (Gladkikh et al.,
2008). Anabaena sp. strain PCC 7120 has long been used to
study the genetics and physiology of cellular differentiation,
pattern formation, water bloom prevention, and nitrogen
fixation. As a photoautotrophic organism, the light reaction
of photosynthesis begins with the absorption of a photon
by a pigment–protein complex (antenna). In a series of
radiationless transfers, the excitation energy is conveyed
from one light-harvesting chromophore to another,
ending at a special pair of chlorophyll molecules within
a transmembrane reaction center complex. In Anabaena
sp. strain PCC 7120, this antenna is phycobilisome (PBS)
(Sidler, 1994). The structure model for PBS was detailed
previously (Glazer, 1989). PBS contains a dicylindrical
core and a set of 6 cylindrical rods radiating from that
core. Both the peripheral rod and core substructures are
formed by phycobiliprotein, which consists of equimolar
amounts of 2 dissimilar polypeptide chains denoted as
* Correspondence: sili.chen@163.com
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α- and β-subunits. The complexes are brilliantly colored
and specifically absorb light in the visible range (450–
665 nm) due to the attachment of linear tetrapyrrole
prosthetic groups, called bilins, which are performed
by lyases that attach 1–3 bilins to Cys residues on the
subunits via thioether linkage (Glazer, 1988; Grossman et
al., 1993; Glazer and Alexander, 1994; Sidler, 1994; Gantt
et al., 2003). According to the subunit to which the bilins
are attached, the lyase is divided into 2 groups. Of the
α-subunit lyases (PecE/F and CpcE/F), PecE is responsible
for attachment of PCB to PEC and PecF is responsible for
the isomerization of PCB to PVB. Fairchild and Glazer
showed that CpcE and CpcF initially form a heterodimer
CpcE/F that attaches PCB to PC, while the β-subunit lyase
(CpcS and CpcT) separately attaches a PCB to the 82 and
153 positions (Fairchild and Glazer, 1994; Zhao et al.,
2002).
During the maturation of PBP, another unique
posttranslational modification occurs, the methylation
of N-asparagine, which is located at the 72 position
(consensus numbering), and no such modification has
been found on the homologous position (Swanson and
Glazer, 1990; Miller et al., 2008; Shen et al., 2008). Minami
et al. first reported that ApcB of Anabaena cylindria
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contained a modified aspartate residue at position 71
(Minami et al., 1985). Klotz and Glazer showed that this
modified amino acid residue was γ-N-methyl-Asn; this
modification is conserved in the β-subunit of PBP (Klotz
et al., 1986; Klotz and Glazer, 1987), while the existence
of PBP lacking this methylation has also been confirmed
via X-ray crystallography (Adir and Lerner, 2003).
Swanson and Glazer (1990) isolated 2 mutants of the
cyanobacterium Synechococcus sp. strain PCC 7942, called
pcm-1 and pcm-2, after incubation with the mutagen
N-ethyl-N-nitro-N-nitrosoguanidine, which produced
PC and allophycocyanin (AP) that lacked methylation
at CpcB-Asn73 and ApcB-Asn71. They concluded that
methylation of the Asn residue was catalyzed by a specific
methyltransferase. Radiotracer experiments have shown
that the methyl group of N-methylasparagine is derived
from S-adenosylmethionine (SAM). A methyl group
is transferred from the sulfonium atom of SAM to the
nitrogen atom of N-asparagine (Klotz and Glazer, 1987).
Recently, Shen et al. and Miller et al. identified CpcM,
the gene encoding the methyltransferase that modifies
the Asn72 position of PBP subunits in Synechococcus sp.
strain PCC 7002 and Synechocystis sp. strain PCC 6803. In
vitro, recombinant CpcM from Synechocystis sp. PCC 6803
methylated CpcB, ApcB, and ApcF. Even when the Asn72
of CpcB was replaced by Gln72, methylation occurred
(Miller et al., 2008; Shen et al., 2008).
The genome of Anabaena is composed of a single
chromosome (6,413,771 bp) and 6 plasmids, designated
pcc 7120a (408,101 bp), pcc 7120ß (186,614 bp), pcc 7120γ
(101,965 bp), pcc 7120d (55,414 bp), pcc 7120e (40,340
bp), and pcc 7120ζ (5584 bp). The chromosome bears
5368 potential protein-encoding genes, 4 sets of rRNA
genes, 48 tRNA genes representing 42 tRNA species, and
4 genes for small structural RNAs. Analyses on the basis
of homology comparison indicated that the predicted
products of 45% of the potential protein-encoding genes
showed sequence similarity to known and predicted
proteins of known function, and 27% show similarity to
translated products of hypothetical genes (Kaneko et al.,
2001). Among these molecules, no gene-coding for this
methylase was identified in Anabaena sp. strain PPC 7120
thus far. Sequence alignments and conserved domain
database analyses revealed that a gene, denoted all0012, is
anticipated to encode the homologous methyltransferase
in Anabaena, as it is highly similar to CpcM. Here we study
the characteristics of the all0012 gene and the protein that
it encodes.
2. Materials and methods
2.1. Bioinformatics analyses
The NCBI website (http://www.ncbi.nlm.nih.gov/)
was used to analyze the amino acid sequence and

corresponding protein functions of gene all0012 from
Anabaena sp. strain PCC 7120 (GenBank/EMBL accession
number NC_003272). SignalP V2.0 (http://www.cbs.dtu.
dk/services/SignalP-2.0) was used to predict the potential
signal peptide in the inferred protein. CDD (http://www.
ncbi.nlm.nih.gov/cdd) was used to predict functional
domains. The ExPASy Proteomics Server (http://www.
expasy.org/cgi-bin/protscale) was used to analyze its
domain hydrophobicity. Sequences for alignment were
selected from BLAST (http://blast.ncbi.nlm.nih.gov/
Blast.cgi) results. The alignments and neighbor-joining
phylogenetic trees were produced from the ClustalW
module in MEGA version 5.0.
2.2. Strains and culture conditions
Anabaena PCC 7120 was originally obtained from the
Pasteur Culture Collection of Cyanobacteria in France and
provided by the Freshwater Algae Culture Collection of the
Chinese Academy of Sciences. Medium BG11 was routinely
used for growth of both wild-type and mutant strains of
Anabaena PCC 7120 (Allen, 1968; Çetinkaya-Dönmez et
al., 1999). Cells were grown photoautotrophically at 26
°C with continuous 100 µmol photon m–2 s–1 illumination
from cool white fluorescent tubes. For mutant selection,
the medium was solidified with separately autoclaved 2%
(w/v) agar. Antibiotics and sucrose were added to plates at
the following final concentration: 5 µg/mL spectinomycin
and 5% (w/v) sucrose. To maintain a high growth rate,
wild-type and mutant cells were shaken in 250-mL
conical flasks, and mutants were additionally grown in the
presence of 2.5–5 µg/mL spectinomycin.
2.3. Isolation of chromosomal DNA of Anabaena sp.
strain PCC 7120 and gene cloning
Total chromosomal DNA was prepared as described by
Brusca et al. (1990), but with slight modification to the
method for cell disruption. The protocol was as follows:
7 mL of cells grown in the mid-log phase of growth
(OD730 approximately 0.6) were harvested from culture
by centrifugation (10,000 × g for 5 min). The pellets were
washed twice with water and vortexed in 700 µL of 1%
cetyltrimethylammonium bromide containing 10% (w/v)
SDS and a pinch of quartz sand. In order to improve the
quality of cell disruption, ultrasound was applied to the
cells until the mixture became blue-green. After incubation
in a water bath at 65 °C for 40 min, chromosomal DNA
was isolated using standard laboratory procedures. Primer
sets were designed for touch-down PCR to amplify the
open reading frame of all0012 (Table 1). Both primers
were designed to have additional protective bases and
an Nde I or Xho I restriction site at the 5’ end. After
initial denaturation for 3 min at 94 °C, touch-down PCR
was performed at 72 °C with 30 s of annealing, 40 s of
extension at 54.5 °C, and 0.5 min of denaturation at 94
°C. The annealing temperature was initially 58 °C and was
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Table 1. Designed primers.
P1: 5’-GGAATTCCATATGTCCGACCCCCAAGCT-3’

Nde I

P2: 5’-CCGCTCGAGTTATGAGGCATAGCCCTTTGCAC-3’

Xho I

P3 5’-ATACTGCAGGCGAGTCAGAGATAAAAGCCACCCTAA-3’

Pst I

P4 5’-CGCAAGCTTATAGGCGATCGCCCACAACCCGTTTTTG-3’

Sma I

P5 5’-CGCAAGCTTCCCGTTTTGCAAATCTCATGT-3’

Sma I

P6 5’-CCGCTCGAGCGCTTTGTAGGTGAGAAATCCC-3’

Xho I

P7 5’-CGCCGGCTTGAACGAATTGTAGA-3’
P8 5’-CCCGAAGAGTATGAGGGAAGCGG-3’

then was decreased in 10 cycles by 0.5 °C each cycle. The
final annealing temperature was 54 °C, which was used
for another 20 cycles. After amplification, the amplicons
were digested with corresponding restriction enzyme
and subsequently cloned into the pET-30a (+) (Novagen,
Munich, Germany), followed by transformation of
Escherichia coli BL21 (DE3). The positive strains were
screened on the plates containing kanamycin and then
verified by direct sequencing.
2.4. Generation of deletion mutants
To generate Anabaena sp PCC 7120 all0012 mutants,
flanking homologous regions of all0012 were amplified by
a standard touch-down PCR method using chromosomal
DNA of wild-type Anabaena sp PCC 7120. After initial
denaturation for 3 min at 94 °C, touch-down PCR
was performed at 72 °C with 30 s of annealing, 40 s of
extension at 54.5 °C, and 0.5 min of denaturation at 94
°C. The annealing temperature was initially 52 °C and
then was increased in 10 cycles by 0.5 °C each cycle. The
final annealing temperature was 54 °C, which was used
for another 20 cycles. Primers P3 and P4 (Table 1) were
used to amplify PCR products upstream of the gene,
and primers P5 and P6 (Table 1) were used to amplify a
sequence downstream. The restriction sites introduced by
the primers were Pst I, Sma I and Sma I, Xho I (Table 1). The
resulting amplicons were cloned into pBluescript II SK (+)
(Stratagene, Beijing, China) and sequenced. For generating
the depletion mutants, a 2066-bp DNA fragment, which
contained the streptomycin resistance cassette, was
obtained by digesting the pBSΩE plasmid (a gift from
CC Zhang) with Sma I and inserted into the same site of
the constructed pBluescript II SK (+) vector to substitute
the all0012 gene. The L-str/sp-R fragment was linearized
and subsequently inserted into the regions between the
Pst I and Xho I sites of the plasmid pRL271 to transform
the competent cells of E. coli HB101. The recombinant
shuttle expression vectors were introduced into Anabaena
sp. strain PCC 7120 by triparental conjugation mating
with E. coli (Elhai and Wolk, 1988; Karakaya and Mann,
2008) (All the E. coli strains mentioned below were a gift
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from CP Wolk). E. coli HB101, harboring each of the
constructed plasmids and helper plasmid pRL623, was
mixed with E. coli J53 containing conjugal plasmid RP4
and with Anabaena sp. strain PCC 7120 pregrown in BG11
liquid medium at 28 °C without stirring under cool white
fluorescent light illumination. The mixture was transferred
to BG11 agar plates containing antibiotics (3 µg/mL). After
14 days, the clones were freed of contaminating E. coli by
repeated streaking on agar plates containing streptomycin.
The true exconjugant colonies were then selected and
cultivated under the same conditions as the wild type for
further study.
2.5. Expression and SDS-PAGE
The expression plasmid was transformed into E. coli
BL21 (DE3) cells as mentioned above, and the colonies
were selected on Luria-Bertani (LB) medium in the
presence of kanamycin (50 mg/mL). For over-expression
of all0012, 3 mL of overnight culture was inoculated into
a flask containing 3 L of LB medium supplemented with
50 mg/mL of kanamycin, and the cell suspension was
shaken at 37 °C for 4 h. The expression conditions were
regulated to avoid the formation of inclusion bodies,
all0012 expression was induced with a final concentration
of 1 mM isopropyl β-D-1-thiogalactopyranoside at 20 °C,
and cells were grown for an additional 12 h. Harvested
sediments from recombinant culture were washed with 0.5
M Tris-HCl, pH 6.8, and resuspended in sonication buffer
prior to cell disruption. Bacterial cells were sonicated as
follows: 1 s pulse, 2 s pause, 20 s pause between 30 cycles,
200 W for 6 min (JY92-II, Scientz Biotechnology, Linbo,
China). Extracts were clarified by centrifugation at 12,000
× g for 25 min to pellet cell wall debris, inclusion bodies,
and unbroken cells. Protein fractions were resolved by
polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate as described (Laemmli, 1970). The
recombinant all0012 proteins, precipitations of sonicated
recombinant Escherichia coli, and blank pET-30a (+) were
finally analyzed on 5% stacking gel and 12% separating
gel; proteins were visualized by staining with Coomassie
Brilliant Blue (Sigma-Aldrich, St. Louis, MO, USA).
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2.6. PBS preparation and spectral properties assay
To explore whether an all0012 mutant affects the
phycobiliprotein and phycobilisome assembly, intact
PBSs were isolated from wild-type and mutant cells of
Anabaena sp. strain PCC 7120 grown under the same
lighting condition (100 µmol photons m–2 s–1) and the
spectral properties were compared. Cultures were grown
to late exponential phase and cells were harvested by
centrifugation at 8000 × g for 15 min. Pellets were
resuspended in 50 mL of 0.9 M potassium phosphate
buffer, pH 7.0, containing 10 mM EDTA. The solution
was homogenized by sonication for 15 min at 200 W. A
final concentration of 2% (w/v) Triton X-100 was added
and the samples were incubated with stirring at room
temperature for 30 min, then centrifuged at 12,000 × g to
allow phase separation. Extraction of PBSs was facilitated
on a discontinuous sucrose gradient (2.0, 1.0, 0.5, and
0.25 M) by ultracentrifugation at 128,600 × g for 8 h at 4
°C as described previously (Bryant et al., 1979; Six et al.,
2005; Shen et al., 2006). The majority of isolated PBSs were
recovered from the region extending from the 0.5 and 1.0
M interface into the 1.0 M layer. The concentrations of PBSs
from wild-type and mutant strains were adjusted to the
same absorbance in 0.9 M potassium phosphate buffer, pH
7.0, for sample preparation. The absorption between 500
and 700 nm was measured on a UV-Vis spectrofluorometer
(Model SP-725, Spectrum SHANGHAI Ltd. Co. Shanghai,
China) at room temperature. The second derivative of
the absorption spectrum of phycobilisome from mutant
strains was produced in Origin, version 7.5.
2.7. Measurements of sensitivity to light
As the all0012 mutants and wild-type strains of Anabaena
sp. strain PCC 7120 could grow photoautotrophically, we
took the illumination parameters as the only variable to
further investigate the function of all0012. The null alleles
were separately cultured under gradient illumination
conditions. Based on a previous study (Shen et al., 2008),

the light intensities that we chose were 50 µmol photons
m–2 s–1, 150 µmol photons m–2 s–1, 250 µmol photons m–2
s–1, and 400 photons m–2 s–1. As synchronous operations,
the wild-type group was cultured as the control, each 4
samples from 2 strains were adjusted to the same optical
density at 730 nm, and the doubling time was separately
recorded.
3. Results
3.1. Bioinformatics results
A search of the NCBI and UniProt (http://www.uniprot.
org/uniprot/Q8Z0S1) databases showed that the length
of the open reading frame of all0012 is 1200 bp and the
encoded protein consists of 399 amino acids (Figure 1).
The signal-NN model prediction (Figure 2) showed that
neither value index nor cutoff value at the C score exceeded
0.6, which was indicative of the absence of a signal peptide.
Thereby, we predicted that the protein was an intracellular
protein. ProtScale analyses showed that hydrophilic and
hydrophobic regions both exist in the peptide chains
(Figure 3). There were more hydrophilic regions than
hydrophobic regions, and so it was considered that
All0012 was predominantly a hydrophilic protein. Even
more strikingly, an S-adenosylmethionine-dependent
methyltransferase domain was predicted for the All0012
protein by the CDD program (Figure 4). Together with
the phylogenetic tree (Figure 5), all of the results indicated
that All0012 was a potential methylase.
3.2. Molecular cloning and SDS-PAGE
The size of all0012 was determined after amplification
by PCR. Analysis by agarose gel electrophoresis showed
that the size was 1200 bp (Figure 6A). The resulting
expression constructs were verified by digestion by
corresponding restriction enzymes (Figure 6B) and direct
DNA sequencing. Finally, the recombinant plasmids
were expressed in E. coli. After induction, the desired
proteins were analyzed via SDS-PAGE and Coomassie

Figure 1. Basic information of all0012 gene in NCBI; the length of open reading frame of all0012 gene is 1200
bp and the corresponding protein consists of 399 amino acids.
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Figure 2. Signal peptide analyses of All0012 protein by the Signal-NN model; neither value index nor cutoff
value at C score exceeded 0.6, which was indicative of the absence of a signal peptide.

Figure 3. Hydrophobic/hydrophilic predication of All0012 protein using ProtScale. According to the prediction,
there were more hydrophilic regions than hydrophobic regions, and so it was considered that All0012 was
predominantly a hydrophilic protein.
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Figure 4. Conserved domain identification for All0012 from CDD. An
S-adenosylmethionine-dependent methyltransferase domain was recognized near the
N-terminator of All0012 protein.

Figure 5. Phylogenetic tree of All0012 and other cyanobacterial homological proteins. Black circle: CpcM in Synechococcus sp. strain
PCC 7002 and Synechocystis sp. strain PCC 6803; black square: All0012 in Anabaena sp. strain PCC 7120; other selected proteins:
methyltransferase type 11 in Nostoc punctiforme PCC 73102, methyltransferase type 12 in Fischerella sp. JSC-11, type 11 methyltransferase
in Nostoc azollae 0708, methyltransferase domain family in Synechococcus sp. PCC 7335, methyltransferase type 12 in Microcoleus
vaginatus FGP-2, methyltransferase type 11 in Arthrospira maxima CS-328, type 12 methyltransferase in Cyanothece sp. PCC 7822, type
11 methyltransferase in Cyanothece sp. PCC 7425, type 12 methyltransferase in Cyanothece sp. PCC 8802, type 12 methyltransferase
in Cyanothece sp. PCC 8801, 3-demethylubiquinone-9 3-methyltransferase in Crocosphaera watsonii WH 0003. Neighbor-joining
phylogenetic trees were generated using the ClustalW module in MEGA version 5.0

Blue staining (Figure 7). One obvious band was detected
in Lane 1 and the mass weight was calculated as 50.67 kDa,
which corresponds to the suspension of cell homogenate.
No such bands were found in the lanes corresponding to
the precipitation and blank vectors. This indicated that
the All0012 protein is a soluble intracellular protein.
The predicted molecular mass of the protein encoded by
all0012 is 45.042 kDa.

3.3. Deletion mutants’ generation and verification
To investigate the function of the all0012 gene product in
Anabaena sp. strain PCC 7120, flanking sides of all0012
and fragments containing the streptomycin resistance
gene were separately obtained after amplification by PCR.
Electrophoresis results showed that the sizes were 984
and 872 bp, respectively (Figures 8A and 8B). After being
progressive ligated into the plasmid pBluescript II SK (+),

351

TIAN et al. / Turk J Biol

A

B

Figure 6. Cloning and enzyme digestion identification of
recombinant expression vectors. A) Analysis of the PCR products
by agarose gel electrophoresis. M: DNA ladder (DL 2000); Lanes
1–3: PCR product of all0012. B) Enzyme digestion identification
of recombinant pET-30a-all0012 plasmids. M: DNA ladder (DL
5000); Lanes 1–2: double digestion of recombinant pET-30aall0012.

a fragment containing the selection marker was obtained
via digestion of pBSΩE plasmids and the fragment
was inserted into the Sma I site of pBluescript II SK (+)
plasmids. The desired fragment was then linearized and
subcloned into the pRL271 vector. The shuttle vector was
finally constructed and clarified using double digestion
prior to replacement of the target gene (Figure 9). We
established a concentration gradient of streptomycin to
optimize screening and the resultant construct was used
to transform wild-type cells. After repeated streaking
on selective medium, DNA was isolated from selected
transformants, and PCR analyses using primers P7 and
P8 (shown in Table 1) were performed to verify that the
all0012 and null alleles had fully segregated. As shown
in Figure 10, these primers produced a 0.8-kb amplicon
when the transformant DNA was used as the template, but
no fragment was detected using DNA template isolated
from the mutant strain in a PCR reaction using P1 and
P2 primer pairs, which were specific for the open reading
frame of all0012 (data not shown).
3.4. PBS spectroscopy
To analyze the effects of all0012 deficiency on PBP synthesis
and PBS assembly, structurally intact phycobilisomes
were purified from chlorophyll, lipids, and contaminating
proteins via sucrose density gradient ultracentrifugation.
To prevent the dissociation of the phycobilisome and
the loss of certain phycobiliprotein during the isolation
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Figure 7. SDS-PAGE analysis of expressed products of pET30a-all0012. Lane M: protein marker; Lane 1: the sonicated
cell supernatant of pET-30a-all0012 transformant; Lane 2:
pET-30a(+) vector; Lane 3: the sonicated cell pellet of pET-30aall0012.

procedure, a high concentration of potassium phosphate
buffer was prepared. The purification procedure described
in Section 2 isolated similar phycobilisomes as judged
from the migration patterns during ultracentrifugation
(data not shown) and the absorption spectra (shown in
Figure 11). Both of the phycobilisomes had an absorption
peak at 618 nm, which depended on the amount of
phycocyanins. Neither a detectable “blue” nor “red” shift
was found in the absorption curve of phycobilisome from
depletion mutants. From the spectroscopic point of view, 4
different elements were revealed by the second derivative
of the absorption spectrum of phycobilisome from
mutant strains. The 570/584 nm extrema corresponded
to phycoerythrocyanin, while rod phycocyanin produced
the 619/626 nm maxima. Rod–core complexes were
characterized by the obvious signal in the 633/645 nm
region, whereas allophycocyanins were characterized by
the extrema at 655/658 nm.
3.5. Light sensitivity of the mutants
To assess the effect of all0012 efficiency in mutant strains
of Anabaena sp. strain PCC 7120, the growth rates of wildtype and null mutants were measured at light intensities
of up to 400 µmol photon m–2 s–1. As the growth rates of
cyanobacterial cells could be calculated as a function of
time, we recorded the doubling time of both strains, as
shown in Table 2. At a low light intensity, the doubling
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A

B

Figure 8. Electrophoresis analyses of upstream and downstream
homology fragments. M in A and B: DNA ladder (DL2000); Lane
1 in A: upstream homologous fragments, 984 bp; Lane 1 in B:
downstream homologous fragments, 872 bp.

times of the wild type and the all0012 mutant of Anabaena
sp. strain PCC 7120 were similar. Likewise, no significant
phenotypic difference could be seen. As the light intensity
increased, the wild type grew faster and we obtained the
shortest doubling time (6.5 ± 0.25 h) at the highest light
intensity. The mutants grew more slowly than the wildtype strain, and the doubling time for the all0012 mutant
was approximately 7-fold higher than that for the wild-type
strains at 250 µmol photon m–2 s–1. This depletion mutant
did not grow at 400 µmol photon m–2 s–1. This suggested
that the all0012 mutant is more sensitive than the wild
type at high levels of photon intensities. Furthermore,
cells gradually faded as illumination increased; a possible
explanation for this is a decrease in the chlorophyll
contents of cells.
4. Discussion
4.1 Characteristics of gene all0012
Bioinformatic analysis of the all0012 gene demonstrated
that the inferred protein All0012 is soluble and lacks a signal
peptide or transmembrane domains. These predictions
were confirmed by SDS-PAGE assay; after visualization
with Coomassie Brilliant Blue, the band of heterologously
expressed All0012 only existed in the lane corresponding
to soluble cell lysate. The UniProt database showed that
the protein encoded by all0012 consisted of 399 amino
acids and its corresponding mass weight was 45.042 kDa,
the mass increasing due to a 6xHis fusion tag addition.
Through CDD assay, a typical AdoMet_MTases domain

Figure 9. Enzyme digestion identification of recombinant
plasmids pRL271 L-str/sp-R. M: DNA ladder (DL10000); Lanes
1–4: restriction fragments (3870 and 5800 bp) obtained by Pst I
& Xho I digestion.

was found in the All0012 protein. Phylogenetic analysis
showed that All0012 was approximately 65% identical to
CpcM and shared substantial homology with methylases.
Furthermore, the open reading frame of all0012 occurred
as a single copy in the genome of Anabaena sp. strain PCC
7120 and was located upstream from apcE and the apcABC
operon, which encodes the AP α- and β-subunits as well
as the core linker protein of PBS core subassemblies.
Shen (2008) provided 3 criteria for screening genes that
could encode the methyltransferase for PBP β-subunits:
first, the gene product should display sequence identity
with other members of the methyltransferase protein
superfamily. Second, orthologs should be found only
in those chlorophototrophs that synthesize PBP. Third,
these candidate methyltransferases should be adjacent
to the genes encoding other PBP or PBS-related proteins
(Klotz et al., 1990; Marchler-Bauer et al., 2007; Shen et
al., 2008). The all0012 gene matches all of these criteria
among these candidates in Anabaena sp. strain PCC 7120.
Combining these results, we propose that all0012 may
encode a methylase that is relevant to the functions and
structures of PBS in the process of photosynthesis. The
next procedures were the generation of deletion mutants
and phenotype comparison.
4.2 Bilin attachments and all0012
As the functions of genes in the flank regions of all0012
in the chromosome of Anabaena sp. strain PCC 7120
are related to the phycobilisome assembly, the PBSs
were extracted and purified from the wild-type and
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Figure 10. Analysis of the PCR products using primers P7 and P8
by agarose gel electrophoresis. M: DNA ladder (DL5000); Lanes
1–4: PCR products that were corresponded to streptomycin
resistance gene.

deletion mutants using discontinuous sucrose gradient
ultracentrifugation. The intact phycobilisomes of
Anabaeana sp. strain PCC 7120 are composed of 3
major phycobilisproteins, phycoerythrocyanin (PEC),
phycocyanin (PC), and allophycocyanin (AP). Due to the
bilins’ attachment on phycobiliproteins that were mediated
by lyase, phycobilisomes from Anabaena sp. strain PCC
7120 have unique spectra characteristics; PEC(λmax= 575
nm), PC(λmax= 620 nm), and AP(λmax= 650 nm) (Zhao et
al., 2002). To check whether all0012 has influence on the
main structure of PBS, their absorptions were compared.
However, similar spectra were demonstrated. The intact
phycobilisomes from mutant cells of Anabaena sp. strain
PCC 7120 had an absorption peak at 618 nm, together with
a similar maximum in the spectrum of wild-type strains.
The second derivative of the former absorbance curve
revealed the existences of PC, PEC, and AP. Meanwhile,
we also observed extrema corresponding to rod–core
complexes, which suggested that the phycobilisomes
from mutant strains were structurally intact: bilins could
successfully attach to the phycobiliprotein and there was
no change in the compositions of intact PBS. According
to our previous bioinformatics predictions, we focused
on efficient energy transferring in photosynthesis, which
is mainly contributed by the methylation of subunits of
phycobiliprotein.
4.3. Methylation and all0012
Methylation, as a pattern to modulate the activity/
conformation of a protein, is universal. For example, in E.
coli, HemK/PrmC is thought to methylate the conserved
glutamine residue within the translation release factors
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Figure 11. Absorption spectra of intact phycobilisomes from
wild-type (solid line) and mutant strains (dashed line). Each
spectrum was made with solution having the same absorbance
at 618 nm. The second derivative curve of mutant strains was
generated using Origin version 7.5 and it revealed the existence
of phycoerythrocyanin (570/584 nm), phycocyanin (619/626
nm), and allophycocyanin (655/658 nm).

RF-1 and RF-2 (SGAGGQHVN) to terminate protein
synthesis efficiently (Nakahigashi et al., 2002). In contrast
to this permanent methylation, the glutamine residue
within the cytoplasmic domains of transmembrane
chemoreceptors is methylated by CheR and demethylated
by CheB (Kehry and Dahlquist, 1982). The methylation of
the PBP subunit belongs to the former category. Swanson
et al. (1990) previously showed that no Asn methylation
was detected in 2 nitrosoguanidine-induced mutants of
Synechococcus sp. strain PCC 7942. Unmethylated PBP
had similar absorption spectra, but it was more sensitive
to thermal stress than methylated PBP. Furthermore, a
decrease in the quantum yield of fluorescence emission
was detected in the mutant strains, which suggested that
Table 2. Doubling time of wild-type and all0012 mutants of
Anabaena sp. strain PCC 7120 under different light conditions.
Illumination condition
µmol photon m–2 s–1

Doubling time (h)
Wild type

Mutant

50

11.8 ± 0.5

12.2 ± 0.25

150

8.7 ± 0.25

12.5 ± 0.5

250

7.3 ± 0.25

48 ± 0.25

400

6.5 ± 0.25

Not measurable
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excitation energy losses occur during decay pathways. It
was concluded that Asn methylation of PBP contributes
significantly to the overall efficiency of directional energy
transfer from PBS to PS I and PS II (Swanson and Glazer,
1990). Thereafter, Thomas et al. (1995) demonstrated
lower rates of electron transfer through PS II in vivo by
researching pcm-1 and pcm-2. Two new PC site-mutants
of Synechococcus sp. strain PCC 7002 were characterized,
of which the Asn located at the 72 position was mutated
to Asp or Gln. Spectroscopic measurements showed that
these mutants affected both the ground-to-excited-state
transition and the excited-state characteristics of the -84
chromophore. It was concluded that N-methylasparagine
is crucial for establishing an environment that optimizes
the energy transfer from the PCB chromophore bound at
Cys84. While existence of unmethylated phycobiliproteins
has also been confirmed, a trimeric PC fraction absorbing at
612 nm was copurified with AP from Thermosynechococcus
vulcanus and its crystal structure showed the absence
of methylation of Asn residue of PC (Adir and Lerner,
2003). Miller et al. (2008) also observed small amounts
of unmethylated PC subunits in Synechococcus sp. strain
PCC 7002 and Synechocystis sp. strain PCC 6803 by mass
spectrometry of tryptic peptides. However, the levels of
these protein were far too small to function in another
pattern. In our study, null alleles of cyanobacteria were
cultured in the same specific conditions with the wild type
under various intensities of light for contrast. With the light
enhancement, the doubling time of the wild type showed a
decreasing trend, while a dramatic photoinhibitory effect

was observed in the case of the all0012 mutant at high
light intensities, which is often caused by nonradioactive
loss of energy and immediately confirmed the absence
of methylation in phycobiliprotein. Similar phenotype
differences were observed between CpcM deletion mutants
and wild type (Shen et al., 2008), which further supports
our previous expectations.
In summary, using bioinformatics, we have selected
the all0012 gene from CpcM homologous candidates,
encoding a potential methyltransfase. As demonstrated
through biochemical characterization of all0012 mutants,
the depletion mutant strains were much more sensitive to
photoinhibition than the corresponding wild-type strains,
together with no detectable phycobilisomes spectrum
change. Thus, we concluded that the all0012 gene is the
specific methyltransferase in Anabaena sp. strain PCC
7120 or plays an important role in the Asn methylation.
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